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Abstract

The human body is known as a thermodynamic system that interacts with the environment. Wetting
and drying events are essential factors that affecting the physiological comfort of clothes and
depending on many parameters such as fiber type, yarn structure, knitting structure, fabric
thickness, or finishing processes etc. For removing the sweat quickly and keep the body dry,
knowing wetting and drying behavior of textiles is important in terms of clothing comfort. In this
experimental research, cotton and tencel fibers are used which can be known as comfort fibers. By
using the yarns produced from these fibers, single jersey knitted fabric surfaces have been formed in
the circular knitting machine. The obtained fabrics are colored by digital printing method. Fabrics
were tested before and after digital printing because of measuring the effect of digital printing on
drying behavior. Interaction of samples with water were analyzed by testing out transfer capillary
wetting ability test and drying time determination. It was observed that, the time-dependent rate of
drying- thus the mass loss- and transfer capillary wetting ability were consistent with the results
found in the literature.
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Oz

insan viicudu cevre ile etkilesim halinde olan termodinamik bir sistem olarak bilinmektedir.
Islanma ve kuruma olaylary; lif cinsi, iplik yapisi, orgi yapisi, kumas kalinligi, bitim islemleri gibi
bircok parametreye baghdir ve fizyolojik giysi konforunu etkileyen ¢ok 6nemli iki faktérdiir. Giinliik
kullanim esnasinda, terin viicuttan hizl bir sekilde uzaklastirilmasi ve viicudun kuru kalmasi i¢in
tekstil ytlizeylerinin 1slanma ve kuruma davraniglarinin bilinmesi giysi konforu agisindan énem arz
etmektedir. Bu ¢calismada hammadde olarak, konfor 6zelligi sagladig1 bilinen pamuk ve tencel lifleri
kullanilmistir. Bu liflerden iretilen iplikler ile yuvarlak érme makinesinde siiprem 6rme kumas
ylizeyleri olusturulmustur. Elde edilen kumaslar dijital baski yontemiyle renklendirilmistir. Numune
kumaslar, dijital baski islemi 6ncesinde ve sonrasinda kuruma davranisinin nasil etkilendigini tespit
edebilmek icin bazi testlere tabi tutulmustur. Kuruma davranisi ve transfer kilcal 1slanma kabiliyeti
deneysel olarak tespit edilerek numunelerin su ile olan etkilesimi degerlendirilmistir. Kurumanin
zamana bagl hizinin dolayisiyla kiitle degisiminin ve transfer kilcal 1slanma kabiliyetinin literattirde
var olan sonuglarla uyumlu oldugu gézlenmistir.

Anahtar Kelimeler:Kuruma Davranigi, Dijital Baski, Konfor
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1. Introduction

Fabrics are classified according to their
production method. This is shown in Figure 1.

Woven Fabric| Non-woven

eSS

Knitted Fabric

Figure 1. Fabrics classifications [1]

Technically, knitting is divided into two main
groups (Figure 2). Some of the products
obtained by the weft knitting method are;
sweaters, vests, jackets, skirts, dresses such as
outer garments, undershirts, panties, such as
underwear, T-shirts, sweatpants, sweet-shirt,
such as combed products, socks, some medical
and technical fabrics. Some of the products
obtained by warp knitting method are; tulle
curtain, lace, swimwear and upholstery fabrics
etc. [2].
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Figure 2. Shape of Knits [3]

For the first half of 2018, three main product
groups of export increased by between 6,3%
and 9,7%. Export of knitted products, which is
the most exported product group, increased by
6,3% in January-June 2018 compared to the
same period of 2017, reaching 4,5 billion
dollars. These values are seen in Table 1 [4].

Table 1.Export Values of Knitted Products [4]

Uni 1000 &

2017 2018 Change
Product Groups January-J. y-June Y
Knitted Products 4.195 4056 4.459.075 6.3
(Woven Products 2.958.569 3.245.000 9,7
Made-Up Articles 949137 1.021.289 76
Scurce: Exporters ABSGCIElons Records

Nowadays, fashion trends affect the woven and
knitted apparel products. In this context, digital
printed products have an important place in the
sector in recent years.

The advantages of digital printing can be listed
as follows;

*Unit printing costs can be an alternative to
conventional printing.

*Print quality is high.

*In conventional methods, pre-print process
takes a lot of time and is costly.

*Low meters of fabric can be printed.

*It is environmentally friendly. It saves waste
water and energy.

Digital printing applications have different
products as textile surface (t-shirt, home
textiles, coat etc.) and hard surface (mouse pad,
mug, glass, floor covering etc.) applications. In
Figure 3, digital printing machine is given which
is commonly used in applications and used in
this study [5].

Figure 3. Digital Transfer Printing Machine [6]

When the literature is examined, it is seen that
there are many academic studies about knitting.
However, studies on physical properties of
printed products have not been found.
Examples of some experimental research are
given below.

In the study of Ogulata, Doba Kadem and Kog,
drying methods and machines used in textile
industry are discussed in detail. Content of
study, drying machines, conveyor belt dryers
and high frequency dryers, which are widely
used in textile drying machines, are examined in
elaborately [7].

In their study, Mavruz and Ogulata found a
linear relationship between air permeability
values and yarn count, fabric thickness, stitch
frequency and loop length. Supreme structures
generally have the highest air permeability
values, followed by rib and interlock structures

(8].

In Utebay's study, ink-jet printing on reactive
dye-based inks and cotton fabrics investigated
the process conditions in which the best results
could be obtained in terms of color yield,
contour clarity and fastness properties [9].

Onar Catal et. al. aimed to investigate the effect
of rheological properties of pre-treatment
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thickeners on print quality and color yield. In
this study, it was revealed that the rheological
properties of the pre-treatment pastes in ink-jet
printing have no significant effect on color yield
and print quality [10].

The aim of Karakas is determination of physical
and some thermal properties belongs to cotton,
polyester and polyamide warp knitting fabrics
and evaluation of these results. For this aim,
100% cotton, 100% polyester and 100%
polyamid warp knitting fabrics with different
constructions were produced. Some selected
physical and performance properties of these

fabrics were determined experimentaly
according to relevant standarts. These
properties were listed as weight, fabric

thickness, loop frequency, loop yarn length,
weave repeat, drying properties of the fabrics
and water vapor resistance. Obtained results
were interpreted with graphs [11].

Giilsen Bakici et. al. investigated the effects of
selected construction properties of single jersey
fabrics on thickness, air permeability and pilling
properties in their study. It is seen that yarn
number and loop density have an effect on
thickness and air permeability properties. The
increase in the stitch density of the fabrics
produced with the same number resulted in a
decrease in the thickness and air permeability
values [12].

In Hajipour and Nateri’s research, the effect of
weft density on the inkjet printing of polyester
was investigated. Lines with different widths
were printed in the warp and weft directions,
and the print quality was evaluated as the line
width. The obtained result showed that the weft
density affected the line width and the print
quality decreased with an increased weft
density. The investigation of the relation
between the print quality and the vertical
wicking shows a very poor relation [13].

2. Material and Method

In this study, single jersey knitted fabrics which
produced from 100% tencel and 100% cotton
raw materials were colored with digital
printing, after that, air permeability and
bursting strength tests applied to both samples
before and after printing.

Yarn quality properties of samples are given in
table 2.

Table 2. Yarn properties

y Thick | Thin | Nep Rkm Borce [ Elongation
Material | e | 0t | oyt | et e o | M | grhm | gh b
Totton | 2379 | 594 | 1127 | 950 | 550 | 950 |T8&| 1543 | 3831 530
Tencel | 2352 | 5,96 | 1057 | 10 | 450 | W50 [664| 2800 | 7240 | 1137

The needle diagram of single jersey knitted
fabrics is shown in figure 4.

Figure 4. Needle diagram of single jersey

fabrics

Knitting machine properties that samples were
produced are shown in Table 3.

Table 3. Knitting machine properties

Machine/Model | Pus (Diameter)(mm) | Fayn | Needle(Total Number)
Mayer & Cie 762 18 1680

After knitting, specified simple pattern was
applied by digital printing method to fabrics.
Fabrics were tested before and after digital
printing because of measuring the effect of
digital printing. Interaction of samples with
water were analyzed by testing out transfer
capillary wetting ability test and drying time
determination.

Drying behavior test is one of the most
important test used to describe comfort
properties of fabrics. The test is as follows: 3
sub-samples from different locations of the
fabrics were soaked in distilled water for 1
minute. The absorbed water was measured with
precision scales. To determine the time-
dependent drying behavior, the samples were
placed in the dryer at 105°C and weighed every
2 minutes to measure the amount of weight
they had lost [14, 15,].

On the other hand, there is no standard test
method for measuring transfer capillary
wetting. In that, the working principles of
transfer capillary wetting are known, a device
has been prepared in order to compare the
fabrics which differ in transfer capillary wetting
ability.

The lower rubber layer provides isolation of the
system from environmental influences. The top
rubber layer, provides an optimum pressure
(approximately 16kg / m) and acting as a cover
prevents water vapor from escaping from the
system as much as possible. 3 pairs (i.e. 6
pieces) of each of the samples were cut to
10cmx10 cm. One specimen of sample pair was
kept in distilled water for a few minutes, then
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rubbed to remove excess surface water and
after being weighed on the electronic scale,
properly placed on the lower rubber layer as a
wet layer. The other specimen of sample pair
was placed on top of the wet layer. Then the top
rubber layer was covered on specimens. The
appearance of the system is similar to a
sandwich. The masses of both the wet layer and
the sample were weighed and recorded at 5. 10.
15. 20. 25. and 30. Minutes [17].

3. Results

Test results for analyzing the effect of digital
printing on fabric properties are given in this
section. In tables, C means cotton, T means
Tencel, B means before printing, A means after
printing. The fabric coding is done in this way.

Thickness and weight results of fabrics are
given in Table 4.

Table 4. Determination of weight and thickness

Weight{gim?) Thickness(mm)
1 2 3 Ort. St. 1 2 3 Mean | St
Dev. Dev.
C | B[ 11439 | 11562 | 111,20 | 113,74 | 1.86 041[041 042 | 04133 | «
A | 109,78 | 108,41 | 105,23 | 107,80 | 1.91 0,39 | 0,40 | 0,39 | 0.3933 5
T/B| 10029 | 99.2 100,22 | 99.87 | 0.54 0,38 | 0,38 | 037 | 0.3766 S
A|9515 |9450 |97.23 | 9563 |1.16 036[0.35 | 0,36 | 0.3566 | 5
The following table shows the frequency

properties of fabrics based on TSE - TS EN
14971 Standard [18]. After printing process, it’s
seen that either wale density or course density
decreased.

Table 5. Physical qualities of fabrics

Before digital printed
Sample Wale Density (wale/cm) Mean St. Dev.
Cotton 1024 [1024 [1024 [10.24 [10.04 1020 [o,08
Tencel 866  [846 925  [9.45 965  [a.09 0.46
Sample Course Density (courselcm) Mean St. Dev.
Cotton 1181 [1201  [1220 [12.20 [1260 [1217 [0.26
Tencel 1181 1142|1161 |11.81 [11.81 1169 Joe

After digital printed
Sample Wale Density (walefcm) Mean St. Dev.
Cotton 9.84 9.45 9.25 [5.08 lo.84 9,49 0.31
Tencel 9.06 8.66 8.66 5.86 [s.08 8.82 0.19
Sample ICourse Density (course/cm) Mean St. Dev.
Cotton 1220  [11.81 1220 [11.81 [12z20  [1205 [0.19
Tencel 1142 [1181 1181 [1142 [1181 J1185 Joas

A decrease in fabric weight was observed due to
the decrease in frequency after digital printing.

In Table 6, transfer capillary wetting results of
fabrics were shared. These results are the
amount of dry specimen’s weight which has
been wetted by wet specimen of sample pair.

Table 6. Wetting quantities of dry specimens

Wetting quantities of dry specimens (g)

5 10 15" 20 25 30
Cotton B 1.374 1.408 1422 1.435 1.441 1.451
A 1.355 1.361 1.375 1.386 1392 | 139
Tencel B 1.709 1.852 1.901 1.925 1.929 1.922
A 2.07 214 2143 2134 2.116 2.095

Wetting amounth of cotton fabric
145
144
143
142

14

138
138
137
136

—e—CotionB  =—emCotton A

Figure 5. Wetting amount of dry cotton fabrics

Wetting amounth of tencelfabric

Figure 6. Wetting amount of dry tencel fabrics

According to the results, tencel and cotton
exhibited different behaviors because of the fact
that their fiber structures. As, tencel was more
absorbent than cotton, the wetting occured
more rapid. So tencel fabrics have reached an
earlier equilibrium. Wetting continued in cotton
for the first 30 minutes.

The time-dependent drying behavior of fabrics
measured and total weight loss are given in
Table 7.

When the table and graphics were examined, it
was seen that the drying behaviors of both
fabrics were similar. Fabrics from both raw
materials have lost weight before and after
printing.

The water evaporates from the fabrics as the
drying process takes place. In Table 8, amount
of water evaporating from fabrics was given.

While the drying process is taking place, the
weight of the fabrics decreases and
correlatively, the amount of evaporating water
increases.
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Table 7. Temporal mass change of fabrics et
COTTON TENCEL
Before Print After Print Before Print After Print
0 0.920 0.860 1.331 1.197
2 0.854 0.808 1.295 1.154
4 0.853 0.763 1.272 1.130
6 0.830 0.728 1.253 1.097
8 0.806 0.698 1.233 1.069
10 0777 0674 1.208 1.051
12’ 0752 0.656 1.182 1.034
14 0733 0634 1.156 1.014
16’ 0.709 0611 1.129 0.996
18 0692 0586 1.101 0.980
20 0670 0.564 1.0689 0.962
22’ 0.650 0.531 1.042 0.937
24 0628 0.509 1.018 0915 . . .
2% 0604 0,439 0092 0.9 Figure 8. Water evaporating from fabrics
28 [0584 0.467 0.968 0.380 . . )
30 [0564 0.442 0.940 0.860 4. Discussion and Conclusion
32 0.542 0.423 0.916 0.845
3 052 0.403 0889 0.827 After the results are analyzed, the following
36’ 0.499 0.377 0.862 0.807 .
% 07 0358 084 0792 inferences could be made:
40’ 0.451 0.332 0.815 0.772

o After the printing, the time-dependent water
loss increased in cotton and decreased in the

tencel. This is due to the differences in the
structural properties of tencel and cotton.

Temporal mass change of fabrics (g)

» Transfer capillary wetting continued in cotton

oo : after 30 minutes. Tencel had reached almost
close results quickly.

Suggestions;

e ¢ Fabrics can be produced by using other raw

—e—Cottan oo —m=Cotton Ao Tenerinetare  ——TencelAer

materials.

Figure 7. Temporal mass change of fabrics
¢ The parameters of the digital printing process

Table 8. Amount of water evaporating from can also be effective on the comfort
fabrics characteristics. They can change.
COTTON TENCEL References
BEFORE AFTER BEFORE AFTER

v 0.000 0.000 0.000 0.000 [1] (https://tekstilsayfasi.blogspot.com/2015/10/doku
zl 0.0% 0114 0.036 0043 ma-ve-orme-arasindaki-farkliliklar.html) Accessed:
4 0.067 0.157 0.059 0.067 November 2018
6 0.080 0.192 0.078 0.100 . . .
Y 0114 0222 0098 0% [2] https://tekstilmuhendisi.wordpress.com/tag/atki-
0 0143 0246 0123 0146 ormeciligi/Accessed: November 2018
12 0169 0264 0149 0163 [3] https://tekstilbilgi.net/cozgulu-orme-
14 0.187 0.286 0.175 0.183 teknolojisi.html
16" 0.211 0.309 0.202 0.201 [4] https://www.ihkib.org.tr/fp-
18 0228 0334 0230 0217 icerik/ia/d/2018/08/07 /performance-report-of-
ZD: 0.250 0.356 0.262 023 turkish-apparel-export-january-june-2018-
;:, ggg gif? ggﬁg gggg 201808070304250530-ED838.pdf, Accessed:
% 1316 0431 033 0301 November 2018
% 0% 0453 0363 0317 [5] http://Www.Tekstilteknik.Com.Tr/Dijital-Baski-
30' 0.356 0.478 0.291 0337 Sektorunde-Degisim-Cok-Mu-Yakin/ Accessed:
2 0.378 0.497 0.415 0.352 November 2018
3 0.397 0.517 0.442 0.370 [6] http://turalmakina.com.tr/tr-34-TC-610-METRAJ-
3 0421 0.543 0.469 0.390 TRANSFER-BASKI-MAKINASIL.html Accessed:
3" 0447 0.564 0497 0.405 November 2018
A 0469 0588 0518 0.425 [7] Ogulata R.T, Doba Kadem F., Kog E., 1999. Tekstilde

Kurutma Yoéntem Ve Makinalar. IV. National
Installation Engineering Congress and Exhibition, 4-
7 November, izmir, 803-810.
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Apparel 1/2009 29-38.
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